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Abstract
The transradial approach for percutaneous coronary intervention (TRA-PCI) has been increasingly gaining popularity in 
clinical practice. However, its association with risk for long-term radial artery injury has not been yet thoroughly defined. 
We retrospectively examined the patients undergoing radial artery angiography (RAG) after TRA-PCI to determine the 
incidence and risk factors of radial artery injury. The study included 558 patients undergoing follow-up radial artery angi-
ography at 12 month after TRA-PCI. Radial artery injury occurred in 140 patients (25%) with 3 distinct morphological pat-
terns: focal radial artery stenosis (RAS) P.7,7: in 7 patients (1%), diffuse radial artery stenosis (RAS) in 78 patients (14%), 
and radial artery occlusion (RAO) in 55 patients (10%). Patients with RAS/RAO were more likely to be female, had smaller 
height and body weight, smaller body mass index and smaller body surface area (BSA) as compared with those without 
RAS/RAO. Multivariable logistic regression analysis identified BSA (odds ratio, 1.34 per 0.1  m2 increase; 95% confidence 
interval, 1.07–1.71; p = 0.01) and a history of TRA-PCI (odds ratio, 2.35; 95% confidence interval, 1.16–5.08; p = 0.017) as 
independent predisposing factors of radial artery injury. In a sub-analysis of 323 patients undergoing both pre-PCI RAG and 
follow-up RAG, pre-PCI radial diameter as well as BSA and a history of TRA-PCI were independently associated with radial 
artery injury. Long-term injury after TRA-PCI is considerably common and care should be paid for RAS/RAO, especially 
for those patients with lower BSA, history of TRA-PCI and small radial artery diameter.
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Introduction

In the field of percutaneous coronary intervention (PCI), 
the transradial approach (TRA) has taken the place of the 
transfemoral approach and has been widely used worldwide 
[1–3], Reportedly, TRA-PCI is associated with a shorter 
hospital stay and lower incidences of mortality and adverse 
cardiac events [4–7]. TRA-PCI, however, can cause radial 
artery injury, which can result in radial artery stenosis 
(RAS) or radial artery occlusion (RAO). Although radial 
artery injury is a quiescent complication and often over-
looked, it can be a serious problem when using the radial 
artery as an access site for repeated TRA-PCI or as a conduit 

for coronary artery bypass graft or hemodialysis fistula for-
mation [8, 9]. Previously reported incidences of RAO var-
ied widely across the studies from 1 to 33% [10]. Most of 
these studies evaluated RAO using ultrasound at early phase 
after TRA-PCI. However, ultrasound might not fully capture 
the morphological patterns of RAS/RAO, and radial artery 
angiography (RAG) might be more precise for the anatomi-
cal assessment of radial artery [11]. In addition, there have 
been few reports evaluating long-term injury of radial artery 
after TRA-PCI [12, 13]. Therefore, in the present study, we 
angiographically evaluated the patterns, incidences and pre-
disposing factors of 12-month radial injury after TRA-PCI 
using RAG.
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Methods

Study design

This study enrolled patients undergoing follow-up RAG 
after TRA-PCI at our hospital from January 2004 to Octo-
ber 2014. During the study period, in accordance with our 
institutional protocol, we mainly used the right brachial 
artery as an access site for coronary angiography (CAG) 
unless patients were receiving hemodialysis or scheduled 
for ad hoc PCI. When stenotic lesions requiring PCI were 
detected by CAG (pre-PCI CAG), we performed RAG via 
the arterial sheath inserted in the brachial artery to ascer-
tain whether radial artery patency was adequate for TRA-
PCI. We usually performed TRA-PCI within 1 month after 
CAG. All patients received antiplatelet therapy with aspirin 
(≥ 81 mg/day) and clopidogrel (75 mg/day); drug-eluting 
stents were implanted in most patients. Patients were encour-
aged to undergo 12-month follow-up CAG unless they had 
severe renal dysfunction. At follow-up CAG, we used the 
brachial artery of the same side that we had used at pre-
PCI CAG. Regarding patients undergoing TRA-PCI without 
RAG before PCI, such as those undergoing ad hoc TRA-PCI, 
we performed RAG at follow-up CAG unless the access site 
at follow-up CAG was different from TRA-PCI. Regarding 
patients undergoing TRA-PCI multiple times during the 
study period, only the outcome of follow-up RAG after the 
index TRA-PCI was included in this study.

Ethics

This study was performed in accordance with the provisions 
of the Declaration of Helsinki and the guidelines for epide-
miological studies issued by the Ministry of Health, Labour, 
and Welfare of Japan. Informed consent from patients par-
ticipating in the study was waived because of the retrospec-
tive design. This study was approved by the institutional 
review board.

CAG and RAG procedures

All patients underwent right brachial artery puncture after 
local anesthesia with xylocaine 1%. To avoid complica-
tions of puncture site reported in the previous studies using 
6-Fr sheath [14], we used a 5-Fr arterial sheath (Radifocus 
Introducer II; Terumo, Tokyo, Japan) for both pre-PCI and 
follow-up diagnostic catheterization. After successful inser-
tion of a 5-Fr brachial arterial sheath, CAG and left ventricu-
lography were performed. At the end of the catheterization, 
RAG was performed by injecting contrast agents directly 
into the arterial sheath. To prevent a vasospastic response of 

the radial artery caused by contrast agents, we administered 
1.0 mg isosorbide dinitrate via the arterial sheath immedi-
ately before RAG.

TRA‑PCI procedure

We used a 6-Fr arterial sheath (Radifocus Introducer II; 
Terumo) for TRA-PCI. All patients underwent right radial 
artery puncture after local anesthesia with xylocaine 1%. 
After successful insertion of a radial arterial sheath, we 
administrated 0.5 mg isosorbide dinitrate via the arterial 
sheath to prevent radial artery spasm. Heparin (100 IU/
kg) was also administered via the sheath immediately after 
administering isosorbide dinitrate; additional heparin was 
administered in hourly boluses throughout the procedure. 
At the end of the TRA-PCI procedure, 0.5 mg isosorbide 
dinitrate was injected via the sheath followed by the removal 
of the arterial sheath and compression of the puncture site. 
We routinely used a compression device (TR Band: Ter-
umo) to achieve hemostasis. Per the device protocol, we 
compressed the puncture site by injecting 13 ml of air into 
the cuff applied over the puncture site while simultaneously 
removing the sheath. After remaining the band in place for 
2 h, we removed 2 ml of the cuff air every 1 h. After 6 h 
of compression, we completely removed air from the band. 
After confirming complete hemostasis, we unfastened and 
removed the band. If bleeding occurred during the compres-
sion, we injected additional 2 ml of air until bleeding would 
stop and extended each step by at least 1 h. Therefore, for 
the patients with bleeding, total duration of compression 
was extended beyond 6 h until complete hemostasis was 
achieved.

Measurement of radial artery diameter

In patients undergoing pre-PCI RAG, we estimated the radial 
artery diameter using the diameter of the 5-Fr sheath as a 
relative value. First, we measured the diameter of the 5-Fr 
sheath in the radial artery at 5 cm upper from the wrist joint. 
Then, we calculated the radial artery diameter by multiply-
ing the obtained sheath diameter and 1.91 mm, the absolute 
diameter of the 5-Fr sheath.

Angiographic definitions of RAS and RAO

We defined RAS and RAO on the basis of radial artery 
angiograms as follows: RAS as percent diameter steno-
sis > 50% and RAO as total radial artery occlusion. Addi-
tionally, we classified RAS into two types: RAS with the 
length of the stenotic lesion < 10 mm (focal RAS) and that 
with the length of the stenotic lesion ≥ 10 mm (diffuse RAS) 
(Fig. 1).



130 T. Kanazawa et al.

1 3

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation or numbers with relative percentages as appropri-
ate. Differences between patients with and without RAS/
RAO were analyzed using the t test and the chi-square test. 
Variables independently associated with RAS/RAO were 
identified by a multivariable logistic regression analysis, 
and clinically relevant factors were incorporated into both 
the univariate and multivariable logistic regression analyses. 
In a sub-analysis of patients undergoing both pre-PCI and 
follow-up RAG, we constructed a parsimonious model with 
the 8 clinically most relevant variables because of a small 
number of patients with outcome. In this model, we included 
pre-PCI radial artery diameter as a potentially explanatory 
variable. A p value of < 0.05 was considered statistically sig-
nificant. JMP 12.0.1 (SAS Institute, Cary, NC, USA) was 
used for all statistical calculations.

Results

Patient characteristics

Among the entire cohort of 558 patients undergoing fol-
low-up RAG, 140 patients (25%) had radial artery injury 
at follow-up RAG. Their morphological patterns were 
focal RAS in 7 patients (1%), diffuse RAS in 78 patients 
(14%), and RAO in 55 patients (10%) (Fig. 1 and Table 1). 
Patients with RAS/RAO were more likely to be female, had 
smaller height and body weight, smaller body mass index 
and smaller body surface area (BSA) as compared with 

those without RAS/RAO. The proportion of patients with a 
history of PCI, hypertension, dyslipidemia, diabetes, acute 
coronary syndrome and a use of anticoagulants was not sig-
nificantly different between patients with and without RAS/
RAO. In addition, no significant difference between patients 
with and without RAS/RAO was observed in procedure time 
and proportion of patients requiring prolonged compression 
of puncture site due to bleeding. Patients with a history of 
TRA-PCI tended to be lower in patients with RAS/RAO than 
in those without (Table 1). None of the patients with RAS/
RAO had anatomical variations of the radial artery including 
high origin of the radial artery, severe tortuosity, or radioul-
nar loop. We did not experience any complications on the 
cannulation to radial artery, but there were 4 patients (0.7%) 
who developed pseudo-aneurysm at the brachial access site 
which was treated surgically.

Factors related to RAS/RAO

In univariate analysis, women, height, body weight, body 
mass index, and BSA were related to RAS/RAO. In mul-
tivariable analysis, BSA and a history of TRA-PCI were 
independently associated with RAS/RAO (Table 2).

Conversion of puncture site due to RAS/RAO 
at the repeated PCI

At follow-up catheterization, there were 60 patients who had 
both coronary artery stenosis on CAG requiring repeated 
PCI and RAS/RAO on RAG (RAS: 39 patients, RAO: 21 
patients). Among those patients, access site for the subse-
quent repeated PCI was converted from the injured radial 

Fig. 1  Morphological patterns of radial artery injury were defined 
as follows: focal radial artery stenosis as percent diameter steno-
sis > 50% and the length of the stenotic lesion < 10  mm (a); diffuse 
radial artery stenosis as percent diameter stenosis > 50% and the 

length of the stenotic lesion ≥ 10 mm (b); and radial artery occlusion 
as total radial artery occlusion (c). The arrows indicate stenosis or 
occlusion of the radial artery
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artery to other sites (i.e. the opposite radial artery or femo-
ral artery) beforehand in 49 patients (82%): 28 in the RAS 
group and 21 in the RAO group.

Analysis in the patients who underwent 
both pre‑PCI RAG and follow‑up RAG 

Table 3 shows the characteristics of the 323 patients under-
going both pre-PCI RAG and follow-up RAG. In general, 
patient characteristics of this subpopulation were not largely 
different from those of the entire cohort, except for a lower 
proportion of patients with acute coronary syndrome. No 
patients had RAS/RAO on pre-PCI RAG, while 84 patients 
(26%) had radial artery injury at follow-up RAG: focal RAS, 
3 patients (1%); diffuse RAS, 52 patients (16%); and RAO, 
29 patients (9%). The proportion of the morphological pat-
terns of radial artery injury was not much different between 
the entire cohort and patients undergoing both pre-PCI and 
follow-up RAG. As compared with patients without RAS/

RAO, patients with RAS/RAO had smaller pre-PCI radial 
artery diameter) in addition to lower height, smaller body 
weight, smaller body mass index, and smaller BSA. Multi-
variable regression analysis identified pre-PCI radial artery 
diameter, as well as a history of TRA-PCI and BSA as inde-
pendent predisposing factors of RAS/RAO (Table 4).

Discussion

The major findings in this study were as follows: (1) radial 
artery injury including RAS and RAO at 1 year after TRA-
PCI was 25% with 3 distinct morphological patterns: focal 
RAS, diffuse RAS and RAO; (2) not only patients with 
RAO, significant proportion of patients with RAS required 
conversion of access site to other sites for repeated PCI; 
(3) BSA, a history of TRA-PCI, and pre-PCI radial artery 
diameter were independently related to radial artery injury.

Table 1  Patient characteristics of the entire cohort

Data are n (%) or mean (SD), unless otherwise specified
PCI percutaneous coronary intervention, RAS radial artery stenosis, TRA  transradial approach

Total (N = 558) RAS/RAO (–) 
(n = 418, 75%)

RAS/RAO ( +) p value for RAS/
RAO (–) vs RAS/
RAO ( +)

Total (n = 140, 
25%)

Focal RAS 
(n = 7, 1%)

Diffuse RAS 
(n = 78, 14%)

RAO (n = 55, 
10%)

Age, years 67.5 ± 9.5 67.1 ± 9.2 68.6 ± 10.2 71.4 ± 7.4 70.2 ± 9.7 66.1 ± 10.5 0.096
Women 116 (21) 72 (17) 44 (31) 3 (43) 26 (33) 15 (27) 0.007
Height, cm 161.4 ± 9.1 162.0 ± 8.9 159.5 ± 9.4 155.5 ± 7.9 159.7 ± 9.3 159.8 ± 9.4 0.0052
Body weight, kg 64.6 ± 12.6 65.9 ± 12.2 60.9 ± 13.1 57.0 ± 9.3 60.3 ± 13.1 62.3 ± 13.1  < 0.001
Body mass index, 

kg/m2
24.7 ± 3.7 25.0 ± 3.6 23.7 ± 3.6 23.7 ± 4.6 23.4 ± 3.6 24.2 ± 3.5 0.0003

Body surface 
area,  m2

1.72 ± 0.21 1.74 ± 0.21 1.6 6 ± 0.21 1.58 ± 0.14 1.65 ± 0.20 1.68 ± 0.22  < 0.001

History of smok-
ing

291 (52) 219 (52) 72 (51) 1 (14) 40 (51) 31 (56) 0.85

History of PCI 208 (37) 154 (37) 54 (39) 2 (29) 29 (37) 23 (42) 0.76
History of TRA-

PCI
74 (13) 62 (15) 12 (9) 0 (0) 10 (13) 2 (3.6) 0.062

Hypertension 312 (56) 236 (56) 78 (56) 4 (57) 43 (55) 30 (55) 0.84
Dyslipidemia 314 (56) 238 (57) 78 (55) 5 (71) 36 (46) 37 (67) 0.92
Diabetes 223 (40) 166 (40) 57 (41) 4 (57) 31 (40) 22 (40) 0.84
Acute coronary 

syndrome
68 (13) 53 (13) 15 (11) 1 (14) 7 (9) 7 (13) 0.66

Procedure time 
(min)

53 ± 36 53 ± 36 52 ± 35 36 ± 8 55 ± 37 49 ± 33 0.38

Oral anticoagu-
lants

49 (9) 37 (9) 12 (9) 0 (0) 6 (8) 6 (11) 0.92

Puncture site 
bleeding requir-
ing prolonged 
compression

134 (24) 93 (22) 41 (29) 4 (6) 21 (27) 16 (29) 0.096
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Table 2  Factors related to radial 
artery injury in the entire cohort

Height, body weight, and body mass index were omitted from Table 3 due to possible multicollinearity
PCI percutaneous coronary intervention, TRA  transradial approach

Univariate analysis Multivariable analysis

Odds ratio (95% 
confidence inter-
val)

p value Odds ratio (95% 
confidence inter-
val)

p value

Age 0.98 (0.96–1.00) 0.96 1 (0.98–1.03) 0.94
Women 0.20 (0.06–0.69) 0.007 0.65 (0.35–1.21) 0.32
Body surface area (per log 1.1  m2 increase) 1.4 (1.19–1.64)  < 0.001 1.34 (1.07–1.71) 0.01
History of smoking 1.10 (0.35–1.47) 0.85 0.72 (0.46–1.12) 0.15
History of PCI 1.07 (0.73–1.60) 0.76 0.74 (0.47–1.17) 0.20
History of TRA-PCI 0.54 (0.28–1.03) 0.062 2.35 (1.16–5.08) 0.017
Hypertension 0.95 (0.65–1.40) 0.84 1.12 (0.74–1.71) 0.56
Dyslipidemia 0.97 (0.66–1.43) 0.92 0.90 (0.59–1.36) 0.62
Diabetes 1.04 (0.71–1.54) 0.84 0.87 (0.58–1.32) 0.51
Acute coronary syndrome 0.83 (0.45–1.52) 0.66 1.37 (0.73–2.72) 0.34
Procedure time 1.48 (0.29–8.91) 0.65 1.25 (0.23–7.80) 0.80
Oral anticoagulants 0.97 (0.49–1.90) 0.92 1.23 (0.62–2.61) 0.56
Puncture site bleeding requiring prolonged 

compression
1.44 (0.94–2.23) 0.09 0.79 (0.50–1.27) 0.33

Table 3  Characteristics of patients undergoing both pre-PCI and follow-up radial artery angiography

Data are n (%) or mean (SD), unless otherwise specified
PCI percutaneous coronary intervention, TRA  transradial approach

Total (N = 323) RAS/RAO (–) 
(n = 239, 74%)

RAS/RAO ( +) p value for 
RAS/RAO (–)
vs RAS/RAO 
( +)

Total (n = 84, 26%) RAS 
(n = 55, 17%)
[focal, 3; diffuse, 52]

RAO (n = 29, 9%)

Age, years 67.3 ± 9.3 66.8 ± 9.0 68.9 ± 10.0 71.0 ± 8.2 64.8 ± 11.9 0.080
Women 58 (18) 34 (14) 24 (29) 15 (27) 9 (31) 0.003
Height, cm 161.6 ± 8.9 162.4 ± 8.7 159.5 ± 9.0 160.2 ± 8.4 158.0 ± 10.2 0.0098
Body weight, kg 65.2 ± 12.1 67.0 ± 12.1 60.0 ± 10.9 60.4 ± 10.3 59.2 ± 11.9  < 0.001
Body mass index, kg/m2 24.9 ± 3.5 25.4 ± 3.5 23.5 ± 3.4 23.5 ± 3.6 23.5 ± 3.0  < 0.001
Body surface area,  m2 (per log 

1.1  m2 increase)
1.73 ± 0.19 1.76 ± 0.19 1.65 ± 0.18 1.66 ± 0.16 1.63 ± 0.21  < 0.001

History of smoking 174 (54) 130 (54) 44 (52) 27 (49) 17 (59) 0.75
History of PCI 129 (40) 95 (40) 34 (40) 20 (36) 14 (48) 0.91
History of TRA-PCI 59 (18) 49 (21) 10 (12) 10 (18) 0 (0) 0.0794
Hypertension 193 (60) 143 (60) 50 (59) 32 (58) 18 (62) 0.96
Dyslipidemia 181 (56) 136 (57) 45 (54) 24 (44) 21 (72) 0.60
Diabetes 129 (40) 95 (40) 34 (40) 26 (47) 8 (28) 0.91
Acute coronary syndrome 6 (2) 5 (2) 1 (1) 0 (0) 1 (4) 0.60
Procedure time (min) 54.2 ± 38.3 54.5 ± 39.2 53.2 ± 35.7 53.1 ± 32.7 53.3 ± 41.6 0.81
Oral anticoagulants 22 (7) 17 (7) 5 (6) 4 (7) 1 (3) 0.75
Puncture site bleeding requir-

ing prolonged compression
91 (28) 66 (28) 25 (30) 16 (29) 9 (3) 0.63

Pre-PCI radial artery diameter
(mm) 

3.3 ± 0.6 3.4 ± 0.6 3.0 ± 0.5 2.9 ± 0.4 3.1 ± 0.7  < 0.001
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TRA-PCI has spread across the world in the past two 
decades, with improved patient comfort and outcomes 
better than the transfemoral approach for PCI [1–3, 5–7, 
15–18]. However, injury to the access site artery is known 
to be an important complication of TRA-PCI. [8–10, 19, 
20]. Although Allen’s test has been used for the assessment 
of the risk for ischemic complications after TRA-PCI, pre-
vious study reported the limited accuracy of this test [21]. 
Instead, previous studies have evaluated the incidence of 
RAO using ultrasound. However, reported incidences var-
ied widely from < 1 to 33%, due to the differences in the 
methods used for detecting RAO, the sheath size used for 
PCI, and the timing of assessment [10, 20–25]. Buturak 
et al. investigated radial artery patency at 6–15 months 
after TRA-PCI and reported that the incidence of RAO 
was 19.5% [12]. Lisowska et al. investigated radial artery 
patency immediately after TRA-PCI and in long-term obser-
vation and reported that the 6- to 12-month incidence of 
RAO was 12.7% [13]. Present study evaluated radial artery 
injury at 12-month follow-up using RAG, which could defi-
nitely detect late-phase RAS as well as RAO. We found that 
incidence of RAO in the entire study population was 9%, 
while 17% of the study patients showed RAS. We included 
RAS as a significant injury to radial artery, because even 
RAS would be clinically problematic. Indeed, 28 out of 39 
patients (72%) with RAS required conversion of access site 
to other sites at the repeated PCI.

Smaller BSA, a history of TRA-PCI, and smaller pre-
PCI radial artery diameter were identified to be related to 
radial artery injury, which was consistent with a previous 
study [10]. Presumably, the mechanism of radial artery 
injury is multifactorial, including damage to endothelial 
cells of the radial artery, arterial spasm, and thrombus 
formation [19]. Damage to endothelial cells exerted by 
repeated sheath insertion may induce tissue necrosis, inti-
mal hyperplasia, and adventitial inflammation [26, 27]. 
Theoretically, a smaller ratio of the radial artery to the 

sheath leads to a broader contact area between the sheath 
and the endothelium of the radial artery, causing more 
damage to the endothelium of the radial artery. In addition, 
a smaller radial artery diameter may have an increased 
risk of disturbing arterial flow at the top of the sheath [8]. 
Consequent hemostasis may provide the nidus for throm-
bus formation, leading to thrombotic RAO.

Both pharmacologic and non-pharmacologic strate-
gies including a low ratio of the sheath size to the artery 
size, the administration of intra-procedural heparin, the 
maintenance of radial artery patency by ipsilateral ulnar 
compression during the hemostasis after TRA-PCI have 
been shown to potentially decrease the risk of radial artery 
injury, which can be options for high-risk patients [23, 
28–30]. Of note, an international survey showed that 
the incidence of RAO before hospital discharge was not 
assessed in more than 50% of the patients [9]. Given that 
radial artery injury is a considerably common compli-
cation, radial artery patency should be examined in all 
patients after TRA-PCI.

Our study is limited by its retrospective single-center 
observational study. In addition, we did not include patients 
with severe renal dysfunction because we did not perform 
RAG on them to avoid the risk of worsening renal function. 
Furthermore, we performed RAG via the sheath inserted 
in the brachial artery in a direction contrary to blood flow. 
Thus, blood flow to the radial artery might have been dis-
turbed by the sheath, leading to the possible underestima-
tion of the actual diameter of the radial artery. However, we 
used a 5-Fr arterial sheath for both pre-PCI and follow-up 
diagnostic catheterization to avoid complications of puncture 
site [14]. Because 5-Fr sheath is seemingly narrow enough 
to maintain distal arterial flow, we believe that we were able 
to precisely measure the actual diameter of the radial artery. 
4 patients (0.7%) developed pseudo-aneurysm at the bra-
chial puncture site, requiring surgical treatment in this study. 
Although the incidence rate was lower than that reported in 

Table 4  Factors related to radial artery injury in patients undergoing both pre-PCI and follow-up radial artery angiography

Height, body weight, and body mass index were omitted from Table 4 due to possible multicollinearity. Abbreviations as in Table 3

Univariate analysis Multivariable analysis

Odds ratio (95% confi-
dence interval)

p value Odds ratio (95% confi-
dence interval)

p value

Age 0.97 (0.94–1.00) 0.080 1 (0.97–1.04) 0.72
Women 2.4 (1.31–4.37) 0.003 1.52 (0.68–3.50) 0.31
Body surface area (per log 1.1  m2 increase) 1.62 (1.30–2.05)  < 0.001 1.61 (1.16–2.24) 0.004
Procedure time 1.33 (0.20–10.0) 0.77 0.82 (0.69–9.65) 0.87
Oral anticoagulants 1.18 (0.45–3.68) 0.75 1.20 (0.64–2.30) 0.27
Puncture site bleeding requiring prolonged compression 0.73 (0.30–2.01) 0.51 0.89 (0.51–1.57) 0.58
History of TRA-PCI 1.91 (0.95–4.17) 0.080 2.36 (1.10–5.49) 0.026
Pre-PCI radial artery diameter (per log 1.1 mm increase) 1.55 (1.33–1.82)  < 0.001 1.15 (1.10–1.23)  < 0.001
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the previous study using 6-Fr sheath [14], brachial artery 
approach has been less likely used in the current practice.

In conclusion, we evaluated radial artery injury after 
TRA-PCI by RAG and found that a long-term incidence of 
radial artery injury after TRA-PCI was considerably high. 
Thus, we would like to propose that more attention be paid 
to radial artery injury, especially in patients with smaller 
body surface area, a history of TRA-PCI, and smaller pre-
PCI radial artery diameter.

Compliance with ethical standards 

Conflicts of interest The authors have no conflicts of interest to de-
clare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Anderson SG, Ratib K, Myint PK, Keavney B, Kwok CS, Zaman 
A, et al. Impact of age on access site-related outcomes in 469,983 
percutaneous coronary intervention procedures: insights from the 
British Cardiovascular Intervention Society. Catheter Cardiovasc 
Interv. 2015;86:965–72.

 2. Ratib K, Mamas MA, Anderson SG, Bhatia G, Routledge H, De 
Belder M, et al. Access site practice and procedural outcomes in 
relation to clinical presentation in 439,947 patients undergoing 
percutaneous coronary intervention in the United Kingdom. JACC 
Cardiovasc Interv. 2015;8:20–9.

 3. Natsuaki M, Morimoto T, Furukawa Y, Nakagawa Y, Kadota K, 
Iwabuchi M, et al. Comparison of 3-year clinical outcomes after 
transradial versus transfemoral percutaneous coronary interven-
tion. Cardiovasc Interv Ther. 2012;27:84–92.

 4. Mamas MA, Anderson SG, Carr M, Ratib K, Buchan I, Sirker 
A, et al. Baseline bleeding risk and arterial access site practice 
in relation to procedural outcomes after percutaneous coronary 
intervention. J Am Coll Cardiol. 2014;64:1554–64.

 5. Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, Widimsky 
P, et al. Radial versus femoral access for coronary angiography 
and intervention in patients with acute coronary syndromes 
(RIVAL): a randomised, parallel group, multicentre trial. Lancet. 
2011;377:1409–20.

 6. Cooper CJ, El-Shiekh RA, Cohen DJ, Blaesing L, Burket MW, 
Basu A, et al. Effect of transradial access on quality of life and 
cost of cardiac catheterization: a randomized comparison. Am 
Heart J. 1999;138:430–6.

 7. Mitchell MD, Hong JA, Lee BY, Umscheid CA, Bartsch SM, Don 
CW. Systematic review and cost-benefit analysis of radial artery 

access for coronary angiography and intervention. Circ Cardio-
vasc Qual Outcomes. 2012;5:454–62.

 8. Garg N, Madan BK, Khanna R, Sinha A, Kapoor A, Tewari S, 
et al. Incidence and predictors of radial artery occlusion after tran-
sradial coronary angioplasty: doppler-guided follow-up study. J 
Invasive Cardiol. 2015;27:106–12.

 9. Bertrand OF, Rao SV, Pancholy S, Jolly SS, Rodés-Cabau J, 
Larose E, et al. Transradial approach for coronary angiography 
and interventions: results of the first international transradial prac-
tice survey. JACC Cardiovasc Interv. 2010;3:1022–31.

 10. Rashid M, Kwok CS, Pancholy S, Chugh S, Kedev SA, Bernat 
I, et al. Radial artery occlusion after transradial interventions: 
a systematic review and meta-analysis. J Am Heart Assoc. 
2016;5:e002686.

 11. Numasawa Y, Kawamura A, Kohsaka S, Takahashi M, Endo A, 
Arai T, Ohno Y, Yuasa S, Maekawa Y, Fukuda K. Anatomical var-
iations affect radial artery spasm and procedural achievement of 
transradial cardiac catheterization. Heart Vessels. 2014;29:49–57.

 12. Buturak A, Gorgulu S, Norgaz T, Voyvoda N, Sahingoz Y, Degir-
mencioglu A, et al. The long-term incidence and predictors of 
radial artery occlusion following a transradial coronary procedure. 
Cardiol J. 2014;21:350–6.

 13. Lisowska A, Knapp M, Tycinska A, Sielatycki P, Kralisz P, Musial 
W. Radial access during percutaneous interventions in patients 
with acute coronary syndrome: should We routinely monitor 
radial artery patency by ultrasonography promptly after proce-
dure and in long term observation? Int J Cardiovasc Imaging. 
2015;31:31–6.

 14. Ferdinand K, Gert Jan L, Diego O, Ton S, Ron W. A randomized 
comparison of percutaneous tranluminal coronary angioplasty by 
the radial, brachial and femoral approaches: the access study. J am 
Coll Cardiol. 1997;29:1269–75.

 15. Romagnoli E, Biondi-Zoccai G, Sciahbasi A, Politi L, Rigattieri 
S, Pendenza G, et al. Radial versus femoral randomized inves-
tigation in ST-segment elevation acute coronary syndrome: the 
RIFLE-STEACS (Radial Versus Femoral Randomized Investiga-
tion in ST-Elevation Acute Coronary Syndrome) study. J Am Coll 
Cardiol. 2012;60:2481–9.

 16. Karrowni W, Vyas A, Giacomino B, Schweizer M, Blevins A, 
Girotra S, et al. Radial versus femoral access for primary percuta-
neous interventions in ST-segment elevation myocardial infarction 
patients: a meta-analysis of randomized controlled trials. JACC 
Cardiovasc Interv. 2013;6:814–23.

 17. Kinnaird T, Anderson R, Ossei-Gerning N, Gallagher S, Large A, 
Strange J, et al. Vascular access site and outcomes among 26,807 
chronic total coronary occlusion angioplasty cases from the Brit-
ish Cardiovascular Interventions Society national database. JACC 
Cardiovasc Interv. 2017;10:635–44.

 18. Kinnaird T, Anderson R, Gallagher S, Cockburn J, Sirker A, Lud-
man P, et al. Vascular access site and outcomes in 58,870 patients 
undergoing percutaneous coronary intervention with a previous 
history of coronary bypass surgery: results from the British Car-
diovascular Interventions Society national database. JACC Car-
diovasc Interv. 2018;11:482–92.

 19. Mamas MA, Fraser DG, Ratib K, Fath-Ordoubadi F, El-Omar M, 
Nolan J, et al. Minimising radial injury: prevention is better than 
cure. EuroIntervention. 2014;10:824–32.

 20. Abdelaal E, Brousseau-Provencher C, Montminy S, Plourde G, 
MacHaalany J, Bataille Y, et al. Risk score, causes, and clinical 
impact of failure of transradial approach for percutaneous coro-
nary interventions. JACC Cardiovasc Interv. 2013;6:1129–37.

 21. Marco V, Gianluca C, Carlo P, Matteo T, Simone B, Roberto 
F, et al. Transradial coronary catheterization and intervention 
across the whole spectrum of allen test results. J Am Coll Cardiol. 
2014;63:1833–41.

http://creativecommons.org/licenses/by/4.0/


135Angiographic evaluation of radial artery injury after transradial approach for percutaneous…

1 3

 22. Stella PR, Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, 
van der Wieken R. Incidence and outcome of radial artery occlu-
sion following transradial artery coronary angioplasty. Cathet 
Cardiovasc Diagn. 1997;40:156–8.

 23. Sanmartin M, Gomez M, Rumoroso JR, Sadaba M, Martinez M, 
Baz JA, et al. Interruption of blood flow during compression and 
radial artery occlusion after transradial catheterization. Catheter 
Cardiovasc Interv. 2007;70:185–9.

 24. Pancholy S, Coppola J, Patel T, Roke-Thomas M. Prevention 
of radial artery occlusion-patent hemostasis evaluation trial 
(PROPHET study): a randomized comparison of traditional versus 
patency documented hemostasis after transradial catheterization. 
Catheter Cardiovasc Interv. 2008;72:335–40.

 25. Cubero JM, Lombardo J, Pedrosa C, Diaz-Bejarano D, Sanchez 
B, Fernandez V, et al. Radial compression guided by mean artery 
pressure versus standard compression with a pneumatic device 
(RACOMAP). Catheter Cardiovasc Interv. 2009;73:467–72.

 26. Staniloae CS, Mody KP, Sanghvi K, Mindrescu C, Coppola JT, 
Antonescu CR, et al. Histopathologic changes of the radial artery 
wall secondary to transradial catheterization. Vasc Health Risk 
Manag. 2009;5:527–32.

 27. Yan Z, Zhou Y, Zhao Y, Zhou Z, Yang S, Wang Z. Impact of tran-
sradial coronary procedures on radial artery function. Angiology. 
2014;65:104–7.

 28. Saito S, Ikei H, Hosokawa G, Tanaka S. Influence of the ratio 
between radial artery inner diameter and sheath outer diameter on 
radial artery flow after transradial coronary intervention. Catheter 
Cardiovasc Interv. 1999;46:173–8.

 29. Spaulding C, Lefèvre T, Funck F, Thébault B, Chauveau M, 
Ben Hamda K, et al. Left radial approach for coronary angiog-
raphy: results of a prospective study. Cathet Cardiovasc Diagn. 
1996;39:365–70.

 30. Pancholy SB, Bernat I, Bertrand OF, Patel TM. Prevention 
of radial artery occlusion after transradial catheterization: 
the PROPHET-II randomized trial. JACC Cardiovasc Interv. 
2016;9:1992–9.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Angiographic evaluation of radial artery injury after transradial approach for percutaneous coronary intervention
	Abstract
	Introduction
	Methods
	Study design
	Ethics
	CAG and RAG procedures
	TRA-PCI procedure
	Measurement of radial artery diameter
	Angiographic definitions of RAS and RAO
	Statistical analysis

	Results
	Patient characteristics
	Factors related to RASRAO
	Conversion of puncture site due to RASRAO at the repeated PCI
	Analysis in the patients who underwent both pre-PCI RAG and follow-up RAG

	Discussion
	References




